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EUKARYOTIC CELLS STABLY EXPRESSING GENES FROM 
MULTIPLE TRANSFECTED EPISOMES 



This application is a continuation-in-part of serial no. 09/040,961, filed March 18, 
1998, and of serial no. 09/130,1 14, filed August 6, 1998, the specifications of which are hereby 
incorporated by reference herein. 



BACKGROUND OF THE INVENTION 

30 In the field of molecular biology it is often desirable to transfect cells to express 

multiple genes. Classical methods for achieving this have relied upon integration of multiple 
genes into one or more chromosomal loci. The sites of gene integration, however, are random, 
and the number and ratio of genes integrating at any particular site are unpredictable. Therefore 
every transfected cell is unique. Furthermore, expression of the integrated genes may be subject 

35 to unpredictable position effects, e g , those caused by adjacent chromosomal sequences. In some 
cases, amplification of the genes of interest is required in order to achieve adequate expression 
levels. As a result, it is normally necessary to screen many clonal cell populations to obtain a cell 
line in which all of the desired genes are expressed at an appropriate level. This procedure of 
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5 transfection, selection and analysis of numerous clonally derived cell lines expressing the multiple 
genes can take many months. 

For example, simultaneous transfection of HEK293 cells with vectors encoding the 
<xl, al, and 03 subunits of human calcium channel has been carried out to obtain fully functional 
expression of that multi-subunit protein from chromosomally incorporated copies of the 
10 transfected genes. However, obtaining cells that functionally express all three subunits requires 
extensive screening of cell populations, while finally obtaining very few colonies (Buchert et al., 
BioTechniques (UNITED STATES) 23, 402-407, 1997). 

Non-integrating, autonomously replicating episomal vectors have been used to 
transform cells to express a gene of interest. In particular, the Epstein Barr Virus (EBV) Nuclear 
15 Antigen 1 (EBNA 1) has been used to stably maintain a plasmid containing an EBV origin of 

replication (oriP) in primate cells (Reisman, D. et al,M>/. Cell. Biol. 5: 1822-1832, 1985; Yates, 
J. L. et al, Nature 313:812-815, 1985). The plasmid is maintained in an episomal state, i.e., it is 
not integrated into the chromosome. 

Transfection of cell lines that already express EBNA 1 can be advantageous since 
20 the ability of such cells to stably maintain an episomal construct can be enhanced by several orders 
of magnitude, and stable cell lines can be generated in as little as two to three weeks. For 
example, HEK cells that stably express EBNA 1 have been transformed with plasmids containing 
the EBV origin of replication, and the gene encoding CRHR1 (corticotropin releasing hormone 
receptor subtype I). The resulting cell lines have been found to stably express high levels of 
25 CRHR1. (Horlick et al., Prot. Exp. And. Purific. 9:301-308, 1997.) 

Similarly, US Patent No. 4,686,186 describes transfecting cells with a single 
plasmid containing the EBV oriP, the EBNA 1 gene, and a gene encoding a protein of interest 
(US Patent No. 4,686,186). 
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Expression of multiple genes on a single plasmid, however, can result in promoter 
occlusion (Greger, I.H. et al., Nuc. Acid Res. 26(5\ . 1214-1301, 1998; Kadesch, T. et al., Mol. 
Cell. Biol. 6(7): 2593-2601, 1986). In cases of promoter occlusion, one strong promoter can 
bind most or all of the transcription factors in its immediate vicinity, thereby limiting transcription 
from other promoters present in cis on the same plasmid. This, in turn, causes the expression of 
multiple genes of interest on a single episome to be unpredictable and often problematic (Horlick 
et al., 1997). The EBNAl/oriP expression system has not, therefore, been widely used to express 
multiple genes of interest. 

Currently, each cell type for which episomal expression is desired is typically first 
transfected with an integrating copy of the gene encoding EBNA 1 . Since developing cell lines 
that constitutively express EBNA 1 from an integrated gene is time consuming, current methods 
are somewhat limited in their applicability to different cell lines. Programs for mass screening of 
compound libraries require use of many types of cell lines, and producing EBNA 1 producing 
strains of each type by this method requires an extensive effort. 

Alternately, episomes that already carry the EBNA 1 gene and a gene of interest in 
cis on the same episome can be used to transfect cells. Commercial vectors such as pCEP4 
(Invitrogen) are available for this purpose. However, current vectors in which EBNA 1 is carried 
by the episomal construct in cis do not contain a known promoter for driving expression of 
EBNA 1. Rather, it is believed that transcription of the EBNA 1 gene occurs from a fortuitous 
promoter situated in or near an amp resistance marker that is located a few hundred nucleotides 
upstream from the EBNA 1 start codon. This fortuitous promoter, however, is not sufficiently 
recognized by differing cell types to consistently express EBNA-1 with sufficient speed and 
abundance to sustain the replication and maintenance of the episome (before it is otherwise lost 
from the cell, or integrated into the host chromosome). Therefore, currently available episomal 
vectors containing the EBNA 1 gene in cis do not appear to provide sufficient reliability for use in 
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a wide variety of cell types. Furthermore, adding a strong promoter to these episomes to express 
the EBNA-1 gene in cis would, under certain circumstances, result in promoter occlusion. 

Multiple plasmids have been used to transform bacterial cells. However, to the 
inventors' knowledge, transfection of eukaryotic cells with multiple episomes has not been 
described. Furthermore, it has not been known whether transfecting a eukaryotic cell with a 
second or third episome would disrupt an already resident first episome. For example, it has not 
been known whether transfection of separate episomal constructs into eukaryotic cells would 
result in stable maintenance of both constructs, or in efficient transcription or translation of 
separate genes contained in both constructs 

To obtain sufficiently high levels of recombinant protein, efforts have previously 
been made to amplify the copy number of transfected, recombinant genes. Conventional methods 
for gene amplification require stable integration of the gene of interest into the host cell 
chromosome. The gene of interest is typically cloned into a vector containing the DHFR 
(dihydrofolate reductase) gene and transfected cells are grown in the presence of methotrexate to 
eliminate untransfected, or poorly expressing, cells. Surviving cells are grown in the presence of 
increasing concentrations of methotrexate to select for amplification of the DHFR gene and 
flanking DNA sequences (including the gene of interest). This process is labor intensive and 
generally takes between 3 to 9 months to complete (Simonsen et al., Nucleic Acids Res. 16:2235- 
2246, 1988). 

There is therefore a need for a method that allows rapid production of eukaryotic 
cells that stably express multiple genes. 

There is also a need for a method that allows rapid production of stable cell lines 
of varying types that express a gene of interest. 

There is also a need for method that allows rapid amplification of genes in 
transfected cells. 
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5 SUMMARY OF THE INVENTION 

The present invention provides a method for producing recombinant eukaryotic 
cell lines expressing proteins of interest, by transfecting eukaryotic host cells with (a) a first episome 
which contains a sequence that promotes autonomous replication of the episomes in the cells and a 
first gene encoding a protein or RNA of interest; and (b) a second episome containing a sequence 
10 that promotes autonomous replication of the episomes in the cells and a second gene encoding a 
protein or RNA of interest. Transfected cells are obtained, those cells expressing one or more 
proteins that promote nuclear retention of the episomes. The cells are grown under conditions 
wherein the episomes express the first and second genes. 

In another aspect, the invention relates to a method involving the steps of: 
1 5 (i) transfecting a host cell line with (a) a first episome which comprises an EBV 

origin of replication, and a gene encoding an EBNA 1 protein; and (b) a second episome 
comprising the EBV origin of replication, a gene encoding a protein to be expressed by the cell 
line, and a selectable marker for eukaryotic cells, to produce transfected cells; and 

(ii) growing the transfected cells in medium wherein cells which express the 
20 selectable marker and the EBNA 1 protein survive, for a time sufficient to allow cell propagation. 
Preferably, expression of both the EBNA 1 protein and the gene of interest on the second 
episome is driven by strong promoters. 

In another aspect, the present invention provides a recombinant eukaryotic cell 
transfected with first and second episomes. The first episome contains an EBV origin of 
25 replication and a gene encoding a first protein. The second episome contains an EBV origin of 
replication, and a gene encoding a second protein. The recombinant eukaryotic cell expresses an 
EBNA 1 protein from a previously transfected integrated copy of the EBNA 1 gene. 
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In another aspect, the present invention relates to a method of gene amplification 
using the above methods in which the first and second episomes contain genes encoding the same 
protein. 

These and other aspects of the present invention will be apparent to those of 
ordinary skill in the art in light of the present specification, claims and drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the nucleotide sequence of plasmid pCMVEBNA. 

Fig. 2 shows the nucleotide sequence of full-length EBNA 1 in the correct 

orientation. 

Fig. 3 shows the nucleotide sequence of EBV oriP. 

Fig. 4 shows vector pHEBo schematically. 

Fig. 5 is a schematic diagram showing the vector p394. 

Fig. 6 is a schematic diagram of plasmid pcmvmcsl. 

Fig. 7 is a schematic diagram of vector PCDM8. 

Fig. 8 is a schematic diagram showing vector pm3ar. 

Fig. 9 is a schematic diagram showing vector pm3CCR3. 

Fig. 10 is a schematic diagram showing expression vector pm3CCR3sp. 

Fig. 1 1 is a schematic diagram of vector pE3. 

Fig. 12 is a schematic diagram showing vector pE3delta. 

Fig. 13 is a schematic diagram showing vector pE3pur. 

Fig. 14 (a and b) are graphs showing the increase in free cytoplasmic calcium over 
time in cells transfected with ORLl/Gia2(a) or SP CCR3/Gia2(b). 

Fig. 15 shows graphs depicting Kd and Bmax, for cells expressing CCR3 and the 
combination of CCR3 and Gia2 over time. 
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5 Fig. 1 6 is a Northern blot analyses of RNA isolated from early and late passage 

293no, and 293 noiHP cells probed with Gia2 or ORL1. 

Fig. 17 is a Northern blot analysis of RNA isolated from early and late passage 
293C3 and 293C3. HP cells probed with CCR3 (a) or Gia2 (b). 

Fig. 18 is Western blot analysis of Gict/ORLl or CCR3 expression. 
10 Fig. 1 9 is a Southern blot analysis of DNA isolated from 293 c3 and 293 c3HP cells. 

Fig. 20 is Southern blot analysis of DNA isolated from HEK 293 cells. 

Fig. 21 (a and b) are graphs showing the inhibition of forskolin (FSK) induced 
luciferase expression in the presence of MCP-l(a) or nociceptin (NOCI) (b). 

Fig. 22 is a Northern Blot analysis of RNA isolated from cells transfected with 
15 ORLI, Gia2 or luc compared to GAPDH probed with ORL1 (a), Gai2 (b), or luc (c). 

Fig. 23 is a genomic Southern blot analysis of DNA isolated from 293 E, 293no, 
293noiHP, 293nolucHP, 2931ucHZ and 293noilucHPZ cells. 

Fig. 24 is a schematic showing the structure of the pE3 episome used to 
demonstrate gene amplification according to the present invention. 
20 Fig. 25 is a graph of free calcium concentrations determined in cell lines 

transfected with one episome encoding CCR3 (CCR3), two episomes encoding CCR3 (CCR3 
GEMINI), or three episomes encoding CCR3 (TRIPLE). 

Fig. 26 shows northern blot exposed film obtained in an experiment described in 
the Examples below, the bands on the gels indicating steady-state CCR3 RNA concentrations for 
25 cells transfected with one, two, or three episomes encoding CCR3, as compared with GADPH 
RNA concentrations. 

Fig. 27 is a graph of free calcium concentrations determined in cell lines 
transfected with one episome encoding CCR2 (293E/CCR2) or two episomes encoding CCR2 
(293E/CCR2 GEMINI). 

7 
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5 Fig. 28 shows northern blot exposed film indicating steady-state concentrations of 

CCR2 RNA and GADPH RNA in two cell lines at 1.5 and 2.5 months after transfection. 

Fig. 29 shows steady state mRNA levels for cells transfected with one, two, or 
three episomes containing the orll gene as compared with GADPH mRNA levels. 



10 DETAILED DESCRIPTION OF THE INVENTION 

All patent applications, patents and literature references cited herein are hereby 
incorporated by reference in their entirety. 

In practicing the present invention, many conventional techniques in molecular 
biology, microbiology, and recombinant DNA are used. These techniques are well known and are 

1 5 explained in, for example, Current Protocols in Molecular Biology, Volumes I, II, and III, 1 997 
(F.M.. Ausubel ed.); Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual, Second 
Edition, Cold Spring Harbor Laboratory Press, Col Spring Harbor, New York; DNA Cloning: A 
Practical Approach, Volumes I and II, 1985 (D.N. Glover ed.); Oligonucleotide Synthesis, 1984 
(M.L. Gait ed.); Nucleic Acid Hybridization, 1985, (Hames and Higgins); Transcription and 

20 Translation, 1984 (Hames and Higgins eds.); Animal Cell Culture, 1986 (R.I. Freshney ed.); 
Immobilized Cells and Enzymes, 1986 (IRL Press); Perbas, 1984, A Practical Guide to 
Molecular Cloning; the series, Methods in Enzymology (Academic Press, Inc.); Gene Transfer 
Vectors for Mammalian Cells, 1987 (J.H. Miller and M.P. Calos eds., Cold Spring Harbor 
Laboratory); and Methods in Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, 

25 eds., respectively). 

According to the present invention, stable eukaryotic cells expressing proteins of 
interest are produced by transfecting the cells with two episomes. An "episome" as used herein 
refers to an extrachromosomal DNA moiety or plasmid that can replicate autonomously when 
physically separated from the chromosomal DNA of the host cell. Each episome employed in the 

8 
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5 method and compositions of the invention preferably contains (i) an Epstein Barr Virus-derived 
origin of replication (EBV oriP); and (ii) a gene encoding a protein to be expressed. The 
eukaryotic cells that are transfected express an EBNA 1 protein, the gene for the EBNA 1 
protein being stably expressed either chromosomally or from an episome. The gene is preferably 
contained in a eukaryotic expression cassette. To allow easy manipulation in prokaryotes, the 
1 0 episomes preferably contain a bacterial origin of replication and an antibiotic selectable marker. 

It has been determined that separate episomes, each containing an EBV origin of 
replication, and a gene desired to be expressed, can be transfected into eukaryotic cells to obtain 
stable transformants that express the genes on both episomes to obtain high RNA transcript 
levels, and high protein levels. Surprisingly, both episomes have been found to be maintained in 
15 high copy numbers. Furthermore, the integrity and copy number of both episomes are stably 

maintained for extended periods of time without substantial rearrangement of episomal DNA that 
would interfere with gene expression. 

In addition, it has been determined that these advantageous characteristics are 
maintained even when more than two episomes are transfected in host eukaryotic cells. 
20 The invention therefore allows rapid generation of highly stable cell lines 

expressing genes on separate episomes in a very short period of time. The cumbersome and 
lengthy clonal selection techniques required for classical recombination to express multiple genes 
are eliminated, and the efficiency of successful transfection is comparatively very high. 

It has been determined that protein expression is exceedingly reliable using the 
25 invention. For example, cells transfected under very different conditions have been found to 

express the same, or similar, levels of protein when stability has been achieved after a short time, 
e.g., 2 to 3 weeks. 
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5 Furthermore, the method of the invention is highly adaptable, allowing episomes to 

be easily constructed to contain any desired genes, and easily co-transfected into many differing 
types of cells. 

In one embodiment of the invention, a eukaryotic expression cassette in one 
episome contains a sequence encoding an EBNA 1 protein that permits replication in the host cell 

10 of episomes containing an EBV- derived origin of replication. A second episome contains a 

sequence encoding the gene of interest. In another embodiment, the episome having the EBNA 1 
protein expression cassette contains a second eukaryotic expression cassette. In these 
embodiments, the episome that does not contain the EBNA 1 protein-encoding expression 
cassette preferably contains a selectable marker gene for eukaryotic cells. Optionally, the episome 

1 5 that contains the EBNA 1 -encoding expression cassette may also contain a selectable marker gene 
for eukaryotic cells. 

The present invention can be used to transform eukaryotic cells with genes 
encoding proteins of interest, i.e., proteins desired to be expressed by the cells. In one 
embodiment, the present invention is used to transfect cells in gene therapy applications, e.g., as 

20 part of in vivo or ex vivo gene therapy. This use of the present invention overcomes the lack of 
persistence of gene expression encountered in conventional gene therapy methods of transfection. 
In this embodiment, episomes are transfected into a patient's cells, e.g., in vitro using methods 
such as those further described below. The cells can then be cultured in selective media to obtain 
stably transfected recombinants that persistently express the gene of interest. The stably 

25 transfected cells can then be reinfused into the patient. Continuous transcription and translation 
of EBNA 1 in the transfected cells, particularly from a strong promoter, allows the cells to 
episomally maintain any desired DNA construct containing the EBV origin of replication in a 
stable manner. 
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5 It is possible, for example, in such an application, to introduce the episomes in vivo 

(or if desired in vitro) using one or more viral vectors capable of transforming cells in gene 
therapy to express episomal plasmids. Such viral vectors and their use are described in Viral 
Vectors : Gene Therapy and Neuroscience Applications, 1995 (M.G. Kaplitt and A.D. Loewy 
eds. Academic Press Inc.), Adeno-Associated Virus (Aav) : Vectors in Gene Therapy, 1996 (K.I. 

10 Berns and C. G.Piraud eds. in Current Topics in Microbiology and Immunology, Vol 218), and 
Gene Therapy Protocols (Methods in Molecular Medicine), 1996 (P. D. Robbins ed. Humana 
Press). Other methods of performing gene therapy are well-known, and described, for example, 
in U.S. Patent No. 5,707,830 of Cabs. These include use of, for example, liposome formulations 
that can be introduced parenterally (Zhu et al., Science 261:209-21 1, 1993), or by aerosol means 

15 (Stribling, Proc. Natl. Acad. Sci. USA 89:1 1277-1 1281, 1992). 

It is also possible to practice the invention to introduce antisense nucleic acids in 
target cells. Antisense therapy involves the production of nucleic acids that bind to a target 
nucleic acid, typically an RNA molecule, within cells. In this embodiment, the episomes 
transfected according to the invention encode RNA that is intended to be therapeutically effective. 

20 (Matsukura et al., Proc. Natl. Acad. Sci. USA 86:4244-4248, 1989; Agrawal et al, Proc. Natl. 

Acad Sci. USA 86:7790-7794, 1989; Rittner et al, Nuc. Acids Res. 19:1421-1426, 1991;Steinet 
al, Science 261:1004-1012, 1993.) 

In addition, the invention can be used to deliver DNA sequences encoding catalytic 
RNA molecules (Castanotto et al. Critical Reviews in Eukaryotic Gene Expression 2:33 1-357, 

25 1992; Lo et al. Virology 190:176-183, 1992) into cells. For example, a DNA sequence encoding 
a ribozyme of interest can be cloned into one or both episomes employed according to the present 
invention. Such a ribozyme may be a hammerhead ribozyme capable of cleaving a viral substrate, 
such as the Human Immunodeficiency Virus genome, or an undesirable messenger RNA such as 
that of an oncogene. 
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The present invention encompasses pharmaceutical compositions useful in gene 
therapy methods. The compositions contain an effective amount of one or more vectors useful to 
transfect cells according to the invention in combination with a pharmaceutically acceptable 
carrier. 

Any suitable EBV origin of replication DNA sequence can be employed in the 
episomes used in the present invention. An example of a suitable EBV origin of replication 
sequence (oriP) is disclosed in Genbank locus "GB:EBV" (modification date 29-October-1996). 
The oriP spans the sequence from nucleotide 7337 to the natural Hpal restriction site at 
nucleotide 9137 in this Genbank sequence. Figure 3 shows the nucleotide sequence of a suitable 
EBV oriP, contained within nucleotides 8146-9946 of pCEP4 (commercially available from 
Invitrogen, Carlsbad, CO). This sequence includes the family of repeats (first bolded region in 
Figure 3) and the region of dyad symmetry (second bolded region in Figure 3), which are required 
for oriP function. EBV oriP sequences that can be used in the invention include those containing 
modifications from naturally occurring sequences, such as those containing deletions, insertions, 
substitutions and duplications, of native sequences. Such derivative sequences are obtainable, for 
example, by maintaining the known regions described above that are required for oriP function. 
Also, conservative substitutions are well known and available to those in the art. The oriP 
sequence employed is one that functions effectively in the host cell to direct the replication of the 
episome in which the oriP sequence is found in the presence of a sufficiently high amount of an 
EBNA 1 protein. 

DNA encoding any suitable EBNA 1 protein can be expressed by the transfected 
cells. An example of EBNA 1 -encoding DNA is shown in Figure 2. EBNA 1 -encoding DNA is 
available from Invitrogen, Inc. (Carlsbad, CA) and is contained in several of its commercially 
available EBV series plasmids, including pCMVEBNA, catalog number V200-10. The sequence 
of the anti-sense strand of pCMVEBNA is shown in Figure 1. The EBNA open reading frame 

12 
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5 shown in bold letters, includes bases 2421 to 496. The stop and start codons are underlined. 
DNA sequences encoding truncated versions of EBNA 1 (including, e.g., those commercially 
available from Invitrogen such as pREP7 or pREPIO under catalog numbers V007-50 and V010- 
50, respectively) are well known and can be used to encode the EBNA 1 protein. Furthermore, 
DNA encoding the EBNA protein can encode variants of the naturally occurring EBNA 1 amino 
10 acid sequence, including those containing, e.g., deletions, insertions, or substitutions, wherein the 
expressed protein supports replication of EBV oriP-containing episomes in the host cell. 

Furthermore, degenerative DNA sequences that encode the same EBNA 1 protein 
can be employed. Degenerative DNA sequences capable of expressing the same amino acid 
sequence are well known in the art, as are methods of constructing and expressing such DNA 
15 sequences. 

The invention, however, may be practiced with episomes containing any sequence 
that promotes autonomous replication of the episomes in the cells, and with transfected cells that 
express corresponding proteins that promote nuclear retention of the episomes. For example, 
instead of employing an EBNA1 antigen and EBV origin of replication, it is possible to employ 

20 bovine papilloma virus (B VP) E 1 and E2 antigens in combination with the BVP origin of 

replication. The El antigen is a helicase required for initation of replication and elongation while 
the E2 antigen is a transcription factor that assists binding of the El antigen to the origin of 
replication. M.P. Calos, PNAS, 95:4084-4085, 1998. These antigens promote nuclear retention 
of the episomes in cells that are competent for appropriate transfection, such as, e.g., murine cells. 

25 Eukaryotic expression cassettes included in the episomes preferably contain (in a 

5'-to-3' direction) a eukaryotic transcriptional promoter operably linked to a protein-coding 
sequence, splice signals including intervening sequences, and a transcriptional 
termination/polyadenylation sequence. Promoters suitable for use in EBNA 1 -encoding episomes 
of the invention are those that direct the expression of the DNA encoding the EBNA 1 protein to 
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5 result in sufficient steady-state levels of EBNA 1 protein to stably maintain EBV oriP-containing 

episomes. 

Strong promoters are preferred for use in the invention. A "strong promoter" is 
one which results in a net steady-state concentration of RNA approximately 0.25 times the 
steady-state level of GAPDH or greater. The following formula can be used to determine 

1 0 promoter activity in most cell types: promoter activity is acceptable if (RNA concentration of 
episomally derived gene)/(GADPH steady state RNA) * 0.25. Alternatively, if GAPDH is 
present in exceptionally low quantities in a given cell type, the steady-state concentration of beta 
actin can be substituted instead. This formula takes into account the number of episomes that 
may be present within the cell, which normally varies between about 1 and 60 copies (Margolskee 

15 et al., Curr. Topics inMicrob. and Immunol. 158, 67-95, 1992.;Yates et al., Nature. 313:812-815, 
1985.). 

Non-limiting examples of such "strong promoters" include early or late viral 
promoters, such as, e.g, SV40 early or late promoters, cytomegalovirus (CMV) immediate early 
promoters, Rous Sarcoma Virus (RSV) early promoters; eukaryotic cell promoters, such as, e.g., 

20 beta actin promoter (Ng, S.Y., Nuc. Acid Res. 17:601-615, 1989, Quitsche et al., J. Biol. Chem. 
264:9539-9545, 1989), GADPH promoter (Alexander et al., Proc. Nat. Acad. Sci. USA 85:5092- 
5096, 1988, Ercolani et al., J. Biol. Chem. 263:15335-15341, 1988), metallothionein promoter 
(Karin et al. Cell 36;. 371-379, 1989; Richards et al., Ce//37: 263-272, 1984); and concatenated 
response element promoters, such as cyclic AMP response element promoters (ere), serum 

25 response element promoter (sre), phorbol ester promoter (TP A) and response element promoters 
(tre) near a minimal TATA box. It is also possible to use human growth hormone promoter 
sequences (e.g., the human growth hormone minimal promoter described at Genbank, accession 
no. X05244, nucleotide 283-341) or a mouse mammary tumor promoter (available from the 
ATCC, Cat. No. ATCC 45007). 
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Transcription termination/polyadenylation sequences include without limitation 
those derived from the thymidine kinase (tk) gene or SV40-derived sequences, such as found, 
e.g., in the pCEP4 vector (Invitrogen). 

Selectable marker genes for use in the episomes employed in the invention are 
genes that encode proteins conferring resistance to specific antibiotics and/or factors that allow 
cells harboring these genes to grow in the presence of the cognate antibiotics or factors. Non- 
limiting examples of eukaryotic selectable markers include antibiotic resistance genes conferring 
resistance to hygromycin (hyg or hph, commercially available from Life Technologies, Inc. 
Gaithesboro, MD); neomycin (neo, commercially available from Life Technologies, Inc. 
Gaithesboro, MD); zeocin (Sh Ble, commercially available from Pharmingen, San Diego CA); 
puromycin (pac, puromycin-N-acetyl-transferase, available from Clontech, Palo Alto CA), 
ouabain (oua, available from Pharmingen) and blasticidin (available from Invitrogen). 

Non-limiting examples of selectable marker genes for use in bacteria include 
antibiotic resistance genes conferring resistance to ampicillin, tetracycline and kanamycin. The 
tetracycline (tet) and ampicillin (amp) resistance marker genes can be obtained from any of a 
number of commercially available vectors including pBR322 (available from New England 
BioLabs, Beverly, MA, cat. no. 303-3s). The tet coding sequence is contained within nucleotides 
86-476; the amp gene is contained within nucleotides 3295-4155. 

The nucleotide sequence of the kanamycin (kan) gene is available from vector 
pACYC 177, from New England BioLabs, Cat no. 401-L, GenBank accession No. X06402. 

The episomes can encode a reporter gene, such as a luciferase gene. Examples of 
DNA sequences encoding luciferase genes are described by Wood et al., Science 244:700-702. 
1989; Zenno et al. ,U.S. Patent No. 5,618,772; and Proc. Natl. Acad. Sci. USA, 82:7870- 
7873, 1985. Reporter genes that can also be used include green fluorescent protein (GFP, 
Clontech, Cat. No. 60771), secreted alkaline phosphatase (SEAP, pSEAP2-Basic, Clontech, Cat. 
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No. 6049-1), growth hormone (which can be measured by ELISA), chloramphenicol acetyl 
transferase (CAT, available from Promega, Madison, WI, pCAT(Tm)-3- Basic Vector Cat. No. 
El 041), beta-lactamase, and beta-galactosidase. 

Elements can be coded for in an episome that respond to transduction signals. Cre 
elements (a 6-fold repeat of cyclic AMP response elements available from Stratagene in phagemid 
vector pCRE-Luc, Cat. No. 219076) were used in experiments described below to respond to 
changes in intracellular cAMP concentrations. Alternately, serum response elements (SRE, 
Stratagene phagemid vector pSRE-Luc. Cat. No. 219080), nuclear factor kB (NF-kB, Stratagene 
phagemid vector pNFKB-Luc Cat. No. 219078), activator protein 1 (AP-1, Stratagene phagemid 
vector pAP-l-Luc, Cat. No. 219074) and serum response factor elements (Stratagene phagemid 
vector pSRF-Luc, Cat. No. 219082), can be encoded. 

The episomes that are transfected according to the method of the invention may be 
transfected sequentially, simultaneously, or substantially simultaneously (i.e., prior to clonal 
selection). Although it is possible to reproducibly transfect two and three episomes at the same 
time into cells, to ensure the greatest cell survival rate it is preferred to transfect the episomes 
sequentially, e.g. one per week. In a particularly preferred embodiment, an episome containing 
the EBNA 1 gene is introduced first. 

"Transfection" as used herein refers to the introduction of DNA into a host cell. 
Any appropriate transfection method can be used, including without limitation calcium phosphate 
co-precipitation, electroporation, or lipofection using cationic lipids. These techniques are well 
known to those of ordinary skill in the art. 

Using calcium phosphate precipitation, between about 4 and 20ug of each episome 
is typically used to transfect between about 0.75 to 1.5 x 10 6 cells in a T75 flask or 10 cm dish. 
The amounts of episome and the number of cells used, however, can vary depending on the 
particular episomes and cells employed. Following transfection of the final episome used, cells 
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are preferably incubated in selective media for about two weeks at which time protein expression 
has usually stabilized. Cells are preferably maintained under selective pressure to prevent loss of 
the episomes, which generally occurs at a rate of between about 2 and 5% per generation in the 
absence of selection. 

It has been determined that transfection with two or more episomes according to 
the invention produces cell lines that are stably transfected. The method of the invention 
preferably is employed to produce episomally co-transfected cell lines that remain stably 
transfected for at least about five months after transfection. Stability of transfection may be 
determined by detection of (i) extrachromosomal plasmid DNA and/or (ii) expression of the 
gene(s) of interest (as reflected in steady-state mRNA levels or in the protein product(s)). For an 
embodiment of the invention described in the Examples section below, it has been determined 
using genomic Southern blotting techniques that over a period of 3 weeks the number of 
episomes per cell stabilized at approximately eight copies per cell. 

Any eukaryotic cells which support stable replication of the plasmids described 
above may be used in practicing the invention. Non-limiting examples of host cells for use in the 
present invention include HEK 293 cells (American Type Culture Collection, Manassas, VA 
(ATCC) Deposit Number CRL-1573, referred to below as "293 cells"), CVTEBNA cells (ATCC 
CRL10478), Hela cells, D98/raji cells, 293EBNA (also known as 293E) available from 
Invitrogen, Cat. No. R62007, CVI cells (ATCC Cat. No. CCL 70) and 143 cells. In addition, 
primary cultures of eukaryotic cells, such as bone marrow stem cells or liver cells, may be isolated 
from their tissue of origin and transfected with the episomes according to the invention. In vivo 
transfection of cells to express more than one episome using suitable vectors, such as viral vectors 
used in gene therapy, can also be carried out. 

Episomes can be employed in the invention to transfect primate or canine cells. 
EBNA 1 can be stably transfected into any primate or canine cell using well known techniques, 
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and the resulting cell line that expresses EBNA 1 from an integrated gene copy can be used to 
support replication of multiple episomes. Alternately, a cell line that already harbors infectious or 
defective EBV can be used, as long as EBNA 1 is expressed. This includes many EBV 
transformed lymphoblasts available from the ATCC. As discussed above, it is also possible to 
express EBNA 1 from a stably transfected episome. 

By applying the method of the present invention, episomes can be used to 
immortalize cells using, e.g., genes encoding well known immortalization antigens. For example, 
in one embodiment of the invention, cells can be immortalized by SV40 T antigen that is encoded 
by DNA contained in one transfected episome. If desired, the gene encoding the immortalization 
antigen can be present in the same episome containing DNA that encodes an EBNA 1 antigen. 
Primary cells in culture can then be immortalized by transfection with episomes according to the 
methods described above and methods described more particularly in Gonos et al. Mol. Cell. Biol. 
16:5122-5138, 1996; and Ikran et al, Proc. Nat'l. Acad. Sci. USA 91:6444-6542, 1994. The use of 
an episome encoding an antigen effective to immortalize cells, such as SV40 T antigen, allows 
transfection of multiple episomes in primary or non-immortalized cells derived from primate or 
canine sources. In addition to T antigen, many other genes that confer an immortalized 
phenotype are well known and available, including the E6 and E7 genes of human papilloma virus 
(HPV)-16 (Rhim et al., Carcinogenesis. 19:673-681, 1996), and oncogenes such as ras (Rovinski 
and Benchimol, Oncogene. 5:445-452, 1988) and myc (Brodeur, Adv. Pediata 34:1-44, 1987). 

SV40 T antigen sequences for use in the present invention can be retrieved from 
the Genbank database by using Locus = SV40 CO, or accession numbers JO2400, JO2403, 
JO2406, JO2407, JO2408, JO2409, JO24101, J04139, M24874, M24914, M28728, or V01380. 
The Genbank database provides the sequence of the SV40 complete genome. An SV40 genomic 
clone, pBRSV, is available from ATCC, Cat. No. 450190. The complete T antigen sequence is 
disclosed in Fiers, W. et al., Nature 273: 1 13-120, 1978. 
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In one embodiment of the present invention, cells are transfected with three or 
more episomes. Using this method, a recombinant cell is produced that expresses a plurality of 
proteins. The method involves, for example, transfecting a host cell with (a) a first episome 
comprising an EBV origin of replication (OriP) and a gene encoding a first protein; (b) a second 
episome comprising the EBV OriP, and a gene encoding a second protein, and (c) a third episome 
comprising the EBV OriP and a gene encoding a third protein of interest. In one embodiment, the 
first episome encodes an EBNA 1 protein, and the second and third episomes also encode (in 
addition to encoding proteins desired to be expressed, such as, e.g., receptor sub-units, or channel 
sub-units) first and second selectable markers for eukaryotic cells. In one aspect of this 
embodiment, the second or third episome also contains a reporter gene. An example of this 
embodiment is further described below. In this embodiment, the triply (or more) transfected cells 
are incubated in media wherein only cells expressing the EBNA 1 gene and the first and second 
selectable marker genes survive. The triply-transfected cells can then be recovered. 

In this embodiment, transfection and concomitant expression of multiple genes can 
advantageously be carried out to establish cell lines expressing several genes at once in a short 
period. It has been found possible, for example, to obtain such cell lines in as little as three 
weeks. Screening of clonal cell populations is not required and pooled populations of transfected 
cells can be used. 

Transfection of cells to express multiple genes according to the invention can be 
used with any desired combination of genes. The invention is particularly useful with respect to 
transfection of genes encoding receptors, transporters, ion channels or adhesion molecules. 

For example, many receptors, transporters, adhesion molecules and ion channels 
are composed of multiple subunits which must be present in stoichiometric quantities for 
functional activity. Examples include receptors containing two different subunits that can be 
encoded on multiple episomes, such as the insulin receptor, interleukin receptors (e.g., IL3R, 
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IL4R, IL5R, IL6R, IL1 1R, IL12R, IL13R), OBR (leptin receptor), and TGFbR (transforming 
growth factor p receptor). Examples also include moieties composed of three different subunits, 
such as LIFR (leukemia inhibiatory factor receptor), IL2R, CNTFR (ciliary neurotrophic factor 
receptor) and those composed of five different subunits, such as Na+/K+ transporters, NMDA 
(N-methyl D-aspartate) receptors, voltage-gated Na+ channels, and nicotinic acetyl choline 
receptor channel complex. Examples of such receptors, transporters and ion channels are 
described in Kandel et al. Principles of Neural Science, Third Ed. Norwalk, CT, Appleton & Lange, 
1991. 

One example of transfection of multiple genes according to the invention, 
described in detail below, involves transfection of a G protein coupled receptor (GPCR), its 
preferred G protein alpha subunit (Gai2), and a reporter plasmid responsive to signal 
transduction. 

The method of the invention can also be used to cause a cell to express any desired 
combination of signal transduction effectors in the GPCR pathways, including expression of any 
of Go, G0, Gy subunits, a phospholipase isozyme such as PLCp, or a protein kinase such as 
phosphokinase C (PKC). Expression of such effectors can enhance signal transduction responses 
by increasing the intracellular concentrations of rate-limiting enzymes. 

It is also possible, for example, to obtain cells useful in a tyrosine kinase receptor 
assay that do not have a hematopoietic lineage. To do this, the desired host cells are transfected 
using the method of the invention with episomes encoding the two subunits (jak and stat) of the 
tyrosine kinase receptor of interest. The host cells can also be transformed with a construct 
containing stat response elements that drive transcription of a reporter gene. DNA sequences 
encoding these subunits and response elements are well known. 
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It is also possible, using the method of the invention, to transfect desired host cells 
with episomes containing DNA encoding genes of a tyrosine kinase cascade, such as the 
Ras-Raf-Mek-MAPK cascade. DNAs encoding these genes are known and readily available. 

It is also possible to express several targets, e.g., receptors that are targets of a 
drug discovery program, in the same cell at the same time. This allows performance of two or 
more screening experiments at once. It also allows experiments to be conducted in which the 
experimental target and a control target are present in the same sample. 

The method of the invention can also be used to identify protein-protein 
interactions as a mammalian counterpart to the yeast two-hybrid system. 

When practicing the method of the invention, episomes can be transfected in order 
to change the phenotype of the host cell. For example, if it is desired to change the phenotype of 
a weakly adherent cell line to an adherent phenotype, a macrophage scavenger receptor can be 
added on a separate episome (Robbins and Horlick, 1998). Alternatively, as described above, an 
immortalizing gene, such as a gene encoding SV40 T-antigen, or papilloma virus E6 and E7 genes 
can be transfected episomally. 

In another embodiment, said first and second genes of interest that are contained 
on the episomes encode the same protein It has been determined that this embodiment of the 
invention can be effectively employed to amplify the copy number of the transfected gene and to 
obtain levels of protein that are substantially greater than those achieved where a single episome 
containing the gene is transfected. This method of amplification is effective, for example, to 
substantially increase the number of receptors present in a transfected cell, and to increase the 
signal that is generated in assays using such transfected cells. 

This aspect of the invention solves known problems associated with gene 
amplification. It allows the rapid amplification of gene copy number and substitutes for the use of 
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methotrexate mediated amplification. It can require as little as 2 to 4 weeks to accomplish, and 
provides a valuable means for increasing levels of receptors and other proteins that can be difficult 
to express at adequate levels using conventional technologies. 

It has also been determined that use of more than two episomes containing the 
same gene of interest can result in even further gene amplification. For example, transfection of 
three episomes containing the same gene of interest can substantially increase the gene copy 
number and the corresponding protein and/or mRNA levels over those obtained by transfecting 
two episomes containing the gene. 

Thus, this method is advantageously used to express receptors that are otherwise 
difficult to express, resulting in transfected cells that can provide stronger detectable signals, and 
thereby more sensitive assays, than would otherwise be possible. 

In one embodiment, the recombinant cell lines of the invention containing multiple 
episomes are used in assays to identify drug candidates. Compounds assayed can be derived from 
combinatorial libraries on polymer beads. For example, library compounds can be eluted from the 
beads and evaporated to dryness in microliter plates in preparation for an assay using the cells. 
Compounds on beads can be released by photocleavage, or another type of cleavage. Cleavage of 
photocleavable linkers is preferred. Such linkers, and methods for their cleavage, are described in 
Barany et al. (1985) J. Am. Chem. Soc. 107:4936. Examples of other linkers and the relevant 
cleavage reagents are described in WO 94/08051. 

Using combinatorial libraries prepared on beads, the identity of active compounds 
is preferably determined using the encoding system described in US Patent Nos. 5,721,099 and 
5,565,324. In this system, chemical tags encoding the identities of the compounds are applied to 
the solid supports. The identity of the compound on a given support can be determined by 
detaching the chemical tags from the support, identifying the tags by, e.g., gas chromatography, 
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and correlating the identities of tags with the identity of the compound. Once an active 
compound is identified, the corresponding bead (which had contained the compound) can be 
examined, and the identity of the compound determined by releasing the tags and decoding by this 
method. 

It is possible to carry out fluorescent assays using the cells in a high throughput 
assay employing confocal microscopy to detect the amount of fluorescence bound to individual 
cells. Such assays are described in US application serial no. 08/868,280, filed June 3, 1997. 

The present invention is described below in working Examples which are intended 
to further describe the invention without limiting the scope. 

Example 1 : Construction of Episomal Expression Vectors 
Construction of pHEBO Vector 

The pHEBo vector was made using commercially available vectors. The sequence 
of vector pBR322 (Genbank accession number synpbr322) from nucleotide 1 to nucleotide 772 
was ligated to the nucleotide sequence of vector pCEP4, Figure 3, from position 8146 to 10376 
(Invitrogen, Cat. No. V004-50). To this construct was ligated pCEP4 nucleotides 1333 to 5500. 
Prior to ligation, fragments were PCR amplified or joined using preexisting restriction sites. The 
resulting plasmid contained the Epstein Barr Virus (EBV) origin of replication (oriP), a 
hygromycin resistance marker (hyg) transcribed from the minimal Herpes Simplex Virus (HSV) 
thymidine kinase (tk) promoter, and was terminated with the tk poly adenylation signal (poly(A)), 
in vector pBR322. The pHEBo vector is shown schematically in Figure 4. 
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Construction of pcmvmcsl Vector 

Vector p394 was constructed according to Colberg-Poley, A.M. et al. J Virol. 
1992 Jan; 66(1): 95-105. Briefly, the vector can be made by cloning the 658 bp CMV IE 
promoter (which can be obtained from vector pCEP4, nucleotide 1 132 to 474) into the EcoRV 
site of pBSIISK(+). Oligonucleotides 5 '- AT ATC AT AAT ATGT AC ATTT AT ATTG-3 and 5*- 
TCGCGACGTCTCCGTGTAGGCGATCTGACGGTTCACTAAAC-3', were used to amplify the 
promoter by PCR. 

The SV40 poly(A) signal, which can be obtained, e.g., from pCEP4, (from the 
native BsaBI site at nucleotide 176 to the native BamHI site at position 412) was cloned into the 
Smal and BamHI sites of pBSSK(+)-CMVJE. Using the remaining EcoPJ and PstI sites in 
between the CMV promoter and SV40 poly(A), a multicloning site was added using 
oligonucleotides: 

5'-AATTCGCGACGCGTGATATCTGCAGGCCTAGATCTCTAGATAAGTAAT 
GATCATGCA-3', and 

5'-TGATCATTACTTATCT AGAGATCTAGGCCTGCAGATATC ACGCGTCGCG-3 ', yielding 
vector p394. 

Vector p394 (Figure 5), was cleaved with Hindlll and BamHI to yield a 1.3 kb 
Hindlll - BamHI fragment containing the cytomegalovirus immediate early promoter (CMV), a 
multicloning site region (mcs), and the SV40 poly(A) region. This fragment, which comprises an 
"expression cassette" was cloned into the Hindlll and BamHI sites of pHEBo to yield pcmvmcsl 
(Figure 6). The mcs contains the following restriction enzyme sites: Esp3I, EcoRI, Nrul, Mlul, 
EcoRV, PstI, StuI, Bglll. The mcs in vector pcmvmcsl was replaced with the following sites: 
Esp3I, Agel, StuI, Kpnl, Avrll, Xhol, by a synthetic oligonucleotide linker that contained 
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overhangs compatible with the Esp3I and Bglll sites. The Bglll site was not recreated by the 
oligonucleotide linker. This vector was designated pcmvmcs3. 



Construction of pm3ar Vector 

An intron (called IVS or "intervening sequence") was added to the expression 
cassette (defined herein as the CMVIE-mcs-poly(A) containing nucleotides) as follows. An Xhol 
- Bamffl fragment containing the SV40 early intron and poly(A) signals was excised from vector 
pCDM8 (Invitrogen, Carlsbad, CA; Figure 7). The poly(A)-containing fragment was removed 
from vector pcmvmcs3 by digestion with restriction enzymes Xhol and BamHI, and the Xhol- 
BamFfl fragment from pCDM8 was added, generating vector pm3ar (Figure 8). 

CCR3 Expression Vector 

An episomal vector which codes for the C-C chemokine receptor 3 ("CCR3") was 
constructed. The coding region for the receptor was obtained by PCR amplification of genomic 
DNA, using the oligonucleotide 5'- GTGAAATGACAACCTC ACT AGAT AC AG-3 ', as the sense 
primer, and 5'-CTGACCTAAAACACAATAGAGAGT-3', as the antisense primer. The PCR 
fragment obtained was cloned into the EcoRV site of pBSIISK; a Bluescript vector commercially 
available from Stratagene, La Jolla, CA, Stratagene Cat. No. 212205, Genbank accession number 
52325. The coding region was excised from pBSIISK+ using the restriction enzymes Spel and 
Nsil, and the fragment containing DNA coding for CCR3 was cloned into the Avrll and Sse8387I 
sites of vector pm3ar (Figure 8) to generate episomal expression construct pm3CCR3 (Figure 9). 

A hydrophobic signal sequence was added to the CCR3 coding sequence by PCR. 
Vector pm3CCR3 was used as a template and oligonucleotide 144, 5'- 
TGTCGATTGTC AGC AGGATT ATG-3 ' (which begins at nucleotide +390 and maps 3' to the 
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5 unique Bglll restriction site on the vector) and oligonucleotide 143,5'- 

GTTCTGTCTCTGCTGCCACTG CTCGAGGCTCAAACAACCTCACTAGATACAGTTGAG- 
3' (which overlaps the CCR3 coding sequence and contains a long tail encoding approximately 
two-thirds of the hydrophobic signal sequence) were used as primers. The resulting 428 base pair 
fragment was then used as a template for PCR, using oligonucleotide 144 and oligonucleotide 

10 142, GAGCAGCCGGCACC 

ACCATGGCTCTGTCTTGGGTTCTGACTGTTCTGTCTCTGCTGCCACTG (which encodes 
the remainder of the hydrophobic signal sequence and contains a Kozak consensus sequence for 
efficient initiation of translation). The resulting 461 base pair fragment was digested with NgoMI 
and Bglll and cloned into the Avrll and Bglll sites of pm3CCR3 to generate expression vector 

15 pm3CCR3sp (Figure 10). 

Construction of pE3 Vector 

Vector pm3ar (Figure 8) was altered to provide an additional set of cloning sites 
immediately upstream from the CMVEE promoter. The new sites were added using a synthetic 
20 oligonucleotide linker 5'-CGATCACGTGCAGCTGAGATCTA-3 ' that contained the restriction 
sites, Clal, AscI, BssHII, Pad, Hindlll and overhangs compatible with the Clal and Hindlll sites 
of pm3ar. The new vector was designated pE3 (Figure 11). 

Construction of p£3delta Vector 

25 Vector pE3delta (Figure 12) was generated by the digestion of vector pE3 with 

BstBI and BspLUl II to remove the hygromycin coding region. The hygromycin coding region 
was replaced with a synthetic oligonucleotide linker 5-CATGTAGATCTCAGCTGCACGTGAT- 
3' containing the multiple cloning sites Bglll, PvuII and Pmll. 
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Construction of pE3pur Vector 

Vector pE3pur (Figure 13) was constructed by the digestion of vector pE3delta 
with PvuII and BspLUl II followed by ligation to a PvuII - BglHI fragment obtained from vector 
pPur (Clontech, Cat. No. 6156-1, Genbank accession number U07648). The PvuII - BglHI 
fragment from vector pPur contains the SV40 promoter, a puromycin resistance gene, and an 
SV40 poly(A) tail. 

G ta2 Expression Vector 

Vector pBN3 1 , which contains the wildtype sequence for murine G ia2 cloned into 
the EcoRI site of vector pCDNAI, was obtained from the ATCC, Cat. No. 633 1 1 . Vector 
pE3pur (Figure 13) was digested with Kpnl and Xhol, which correspond to restriction sites 
found within the multicloning regions at the 5' and 3' ends, respectively, of the G ia2 coding region. 
The pBN3 1 vector obtained from the ATCC was also digested with Kpnl and Xhol, and a 
fragment containing the G ia2 coding region was excised. This fragment was cloned into the Kpnl 
and Xhol sites of vector pE3pur, to produce vector pE3purGia2. This vector was used without 
further modification to transfect cells. 

Construction of pE3purEBNA 

The coding region for EBNA 1 was excised from vector pCMVEBNA 
(Invitrogen, Carlsbad, CA;) using restriction enzymes Kpnl and Sse8387I and cloned into the 
Kpnl and Sse8387I sites of vector pE3pur (Figure 13) to make construct pE3purEBNA. 



27 



WO 99/47647 PCT/US99/03307 
Construction of pm3orll 

The 1 1 10 bp coding sequence for human orphanin receptor type I (orll) was PCR 
amplified from whole human brain Quickclone cDNA (Clontech) using the following oligos: 
Orl 1. CCCTCTAGACCATGGAGCCCCTCTTCCCCGCGCCG 
Orl 2. CCCTCTAGACCAGGCACCATGGGCAGGTCCACGCC 
The ATG start codon is underlined in orl 1, and the underlined C in orl 2 is 'G' of 
the TAG stop codon in the reverse complement strand. Each oligo contains an Ncol site. 

The PCR product was digested with Ncol site of Litmus 28 (New England 
BioLabs, Beverly, MA). The fragment containing the orll coding sequence was then reclaimed 
from Litmus 28 with Agel (5 1 side) and Xhol (3' side) and the resulting 1200 bp fragment was 
cloned into the Agel and Xhol sites of vector pE3 (Fig. 1 1) to make pm3orll. 
Construction of p£3zeocretkluc 

Construct pGL2-6xcretkluc (pi 44) contains a 6-fold repeat of the cyclic 
AMP (cAMP) response elements (ere), the Herpes virus minimal thymidine kinase (tk) promoter, 
luciferase (luc) coding sequence (cds) and SV40 IVS (intervening sequence) and poly(A) region. 
The construction of plasmid pi 44 was accomplished as follows. Oligos were made based on 
sequences of 6 ere elements described by Himmler et al. J Recept. Res. 13: 79-94, 1993. The 4 
pairs were annealed, ligated and cloned into the Sad and Bglll sites of vector pGL2-bas 
(Promega) to make vector pGL2-6xcre. The tk minimal promoter was PCR amplified from 
vector pE3 using oligos tkl and tk2. The PCR amplified product was digested with Bglll and 
Xhol 

and subcloned into the Bglll and Xhol sites of construct pgl6xcre to make construct 

pGL2-6xcretkluc. 

Pair 1 

crel . CTccggatcctccttggctgacgtcagtagagagatcccatggc 
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5 cre2. atctctctactgacgtcagccaaggaggatccggAGAGCT 
Pair 2 

cre3 cgtcatactgtgacgtctttcagacaccccattgacgtcaatgggag 
cre4. Ttgacgtcaatggggtgtctgaaagacgtcacagtatgacggccatggg 

10 

Pair 3 

cre5 . ggtaccgcaccagacagtgacgtcagctgccagatcccatggc 
cre6. gatctggcagctgacgtcactgtctggtgcggtaccctccca 

15 

Pair 4 

cre7. cgtcatactgtgacgtctttcagacaccccattgacgtcaatgggaga 

cre8 . gatctctcccattgacgtcaatggggtgtctgaaagacgtcacagtatgacggccatgg 

20 tkl 

ttttagatctcagaagccGAATTCGAACACGCAGATGCAG 
tk2 

AAAACTCGAGATTGCGGCACGCTGTTGACGC 

25 

The construct was treated with BamHI methylase (to render all but the 
desired BamHI site uncleavable). The plasmid was then digested with Xmal and BamHI and the 
-3100 bp fragment containing the 6xcre elements, tk minimal promoter, luc coding sequence, 
SV40 IVS and poly(A+) signals, was cloned into the NgoMI and Bglll sites of vector 
30 pHEBomcs5 to make vector pE3cretkluc. 

pHEBomcs5 was derived from pHEBo (Fig. Id) by digestion with the unique 
Hpal site and blunt-end insertion of oligo linkers, ctcgagaagcttggccggccagatctgcggccgcg (and its 
reverse complement) encoding restriction sites Xhol, Hindlll, NgoMI, Nael, Fsel, Bglll, and 
Notl. 

35 Vector pE3cretkluc encodes hygromycin resistance. In order to make a version 

that encodes zeocin resistance, pE3cretkluc was digested with Notl, this site was blunted in the 
presence of Klenow polymerase and all 4 dNTPs, and the vector was recut with Sad to liberate a 
3.2 kb fragment containing the cretkluc expression cassette. Vector pE3SVzeo was digested with 
Hindlll, this site was also blunted in the presence of Klenow polymerase and all 4 dNTPs, and the 
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vector was subsequently digested with Sad. This permitted the replacement of the CMV 
promoter from pE3SVzeo with the cretkluc expression cassette to complete vector 
pSVzeo-cretkluc. 

Vector pE3 was digested with Csp45I and BspLul II to remove the hygromycin 
expression cassette. Oligo linkers PURI (CGATCACGTGCAGCTGAGATCTA) and PUR2 
(CATGTAGATCTCAGCTGCACGTGAT) containing unique Bgl II Pvu II and Pml I sites were 
annealed and inserted into the Csp45I and BspLul II cut vector to make construct pE3deltahyg. 

Vector pSVzeo purchased from Invitrogen (cat. no. V502-20) was digested with 
EcoRV and BamHI and the ~1 kb fragment containing the SV40-zeomycin-p(A) expression 
cassette was purified and cloned into the compatible PvuII-Bglll sites of pE3deltahyg to make 
plasmid pE3zeo. 

This construct contained an Epstein Barr Virus (EBV) origin of replication (oriP), 
a eukaryotic selectable marker for zeocin resistance, a prokaryotic origin of replication (colEl), 
and a prokaryotic selectable marker (the P-lactamase gene conferring resistance to ampicillin). A 
reporter gene expression cassette was incorporated consisting of a tandemly duplicated set of 
response elements to confer responsiveness to signal transduction (ere elements), a minimal 
promoter that is recognizable by RNA transcription complex (containing at least a TATA box, a 
reporter gene (luciferase coding sequence), and the SV40 intervening sequence (IVS) and 
poly(A)+ signals). 

The minimal promoter used was derived from the Herpes Virus thymidine kinase 
gene (available from vector pREP4, Invitrogen, nucleotides 2909 to 2667). 

Construction of plasmids containing CC CKR2. 
pm3CCR2 
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The coding region for CC CKR2 was obtained by PCR amplification of genomic 
DNA using the following oligonucleotides: 
sense: ccacaacatgctgtccacatctcgttc 
antisense: cctctagagaccagccgagac 

The PCR fragment was cloned directly into the StuI and Xbal sites of pm3ar and a 
clone with the correct sequence, plasmid (pm3arccr2), was used for further modification. 

pm3CCR2sp 

The hydrophobic signal sequence from pseudorabies virus gC protein was added 
to the CC CKR2 coding sequence by PCR as follows. Vector pm3arCCR2 was used as the 
template and oligos 54 (which begins at nt +153 and maps 3' to a convenient Apal restriction site) 
and oligo 53 (which overlaps the CC CKR2 coding sequence and also contains a long tail 
encoding amino acids 9-23 of the hydrophobic signal sequence) were used as primers. The 
resulting 195 bp fragment was used as a PCR template with oligos 54 and oligo 52 (which 
encodes the remainder of the hydrophobic signal sequence, and contains a Kozak consensus 
sequence for efficient initiation of translation and an Agel restriction site for subsequent cloning). 
The resulting 229 bp fragment was digested with Agel and Apal and cloned into the Agel (in the 
multicloning site) and Apal (found at nt +125 in the native human ccr2 gene) sites of pm3CCR2 
to generate expression vector pm3CCR2sp. 

Oligos used in the amplification of the human CC CKR2 coding sequence were as 

follows: 

52. taaccggtcaccATGGCTTCCCTGGCTCGTGCGATGCTGGCTCTGCTGGCTCTGTACGC 

53 . CTGGCTCTGCTGGCTCTGTACGCTGCTGCTATCGCTGCTGCTCCActgtccacatctc- 
gttctcgg 
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54. ccagcgagtagagcggaggc 

EXAMPLE 2: Production of Stably Transfected Cell Lines Using Two Episomes 
Transfection methods. 

293 cells were tranfected using the calcium phosphate procedure as described in 
Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) "Molecular Cloning: A Laboratory Manual," 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, pp 16.33-34. 

Briefly, 4 to 20 /zg of transfection plasmid DNA was prepared per T75 flask of 
293 cells. Each T75 flask contained from 0.75 to 1.5 x 10 6 cells and 10 to 12 mL of DMEM 
media supplemented with 10% fetal bovine serum (FBS). The DNA and 62.5 /zL of 2 M CaCl 2 
were added to H 2 0 to make 500 fjL of solution per flask. To this solution was added 500 /zL of 
HEPES-buffered saline (HBS) and the entire 1.0 mL of solution was added directly to the T75 
culture medium. The transfection mix was allowed to incubate on the cells for 24 to 48 hrs at 
which time the cells were washed lx or 2x with PBS and refed selective media (DMEM, 10% 
FBS, with or without gentamycin or penstrep, and supplemented with 1 /zg/mL puromycin and/or 
250 Atg/mL hygromycin). Selective media was changed every 3 to 5 days until cells approached 
confluence at which time cells were diluted at ratios between 1 to 4 and 1 to 50 in fresh selective 
media as needed. 

Results 

Plasmids pE3orll or pm3CCR3sp encoding the G protein coupled receptors 
orphanin (or 1. 1 or nociceptin receptor, Noci) and CC chemokine CCR3, respectively, were 
transfected into 293E cells and selected with hygromycin (Hyg). This resulted in cell line 293no 
expressing the orphanin receptor and cell line 293c3 expressing CCR3. After 1 week in culture, 
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plasmid pE3purGia2 encoding the G protein inhibitory alpha subunit 2 (Gi), or the parental empty 
puromycin vector pE3pur (empty vector) was transfected into each of the two receptor 
expressing cell lines to produce the following four cell lines: 293noiHP (Noci+Gi, Hyg and Pur 
resistant); 293noHP (Noci+empty vector, Hyg and Pur resistant); 293c3iHP (CCR3+Gi, Hyg and 
Pur resistant); and 293c3HP (CCR3+empty vector, Hyg and Pur resistant), respectively. 
Selective pressure was maintained for 5 months during which time the stability of the dually 
expressing episomal lines was assessed by determining receptor Kd and Bmax, calcium 
mobilization assays, and northern blot analysis. 

Results - calcium mobilization 

The increase in free cytoplasmic calcium in response to addition of receptor ligand 
(nociceptin and eotaxin for orl-1 and CCR3, respectively) was assayed weekly for 10 weeks, then 
at 5 week intervals after week 10. Results indicate that the addition of the second, G protein 
expressing episome significantly magnified the calcium mobilization signal for each receptor 
(~2.25x and 4x for orll and CCR3, respectively). Furthermore, the increased signal was stable by 
the second week after transfection and did not significantly change for any of the four cell lines at 
any point during the 20 week experiment (Figure 14). These results were extended to a 6 month 
time point and no change in calcium signal was found (data not shown). 

Results - Receptor Binding. 

Receptor and K D were determined for the 293E lines expressing CCR3 with 
or without Gai2 (cell lines 293c3, 293c3iHP) and CXCR2 with or without Gai2, (cell lines 
293x2, and 293x2iHP), respectively (See Table I). 



33 



WO 99/47647 



PCT/US99/03307 



RECEPTOR 
NAME 


K D (nM) 


RECEPTOR # 
(1000) 


STAGE 


SP-CCR3 


0.25 


21 


MONTH 1 


SP-CCR3 


0.19 


19 


MONTH 5 


SP-CCR3/Gi 


0.19 


23 


MONTH 1 




0.18 


21 


MONTH 6 


CXCR2 


2 


500 


MONTH 1 


CXCR2 


2.8 


500 


MONTH 2 


CXCR2/Gi 


1.4 


550 


MONTH 1 


CXCR2/G1 


1.9 


500 


MONTH 2 



In Table I, "SP-CCR3" refers to expression of the CCR3 receptor alone. "SP- 
CCR3/Gi" refers to expression of the CCR3 receptor and the Gai2 subunit. "CXCR2" refers to 
expression of the CXCR2 receptor alone. "CXCR2/G" refers to expression of the CXCR2 
receptor in combination with the Gai2 subunit. 



These results indicate that there is a B max of 19,000 to 23,000 receptors per cell 
and K D values that are not significantly different regardless of the presence of a second (i.e. Gi- 
expressing) episome, and regardless of the age of the cell line (month 1 and month 5 give the 
same B max ). Shown in Figure 15 is a more detailed examination of B max and K D results for cell 
lines 293c3 ("SP-CCR3")and 293c3iHP ("SP-CCR3/Goi2") demonstrating that the expression of 
receptors is stable at least from month 1 to month 5. This indicates that the presence of a second 
episome does not interfere with the expression of the receptor from the first episome as measured 
by B^ and K D characteristics. 
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Results - Northern blot analysis 

Total RNA was isolated from early (4 weeks after final transfection) and late (4 
months after final transfection) cells as follows: 293no (expressing orll), 293noiHP (expressing 
orll and Goi2), 293 c3 (expressing ccr3), and 293c3iHP (expressing ccr3 and Gai2). RNA was 
run on denaturing formaldehyde gel (Sambrook et al.) and probed for orll or Gai2 (Fig. 16) or 
ccr3 or Gai2 (Fig. 17). For the northern blots shown in Figs. 16 and 17, an equimolar amount of 
probe for the highly expressed housekeeping gene, GAPDH, was concomitantly added to the 
hybridization mix for normalization purposes. The arrows are labeled as appropriate and point to 
the recombinant Goi2 mRNA (visible in Fig. 16. lanes 1 and 2; and in Fig. 17, lanes 6 and 7); to 
the recombinant orll mRNA (visible in Fig. 16, lanes 6-9); to the recombinant ccr3 mRNA 
(visible in Fig. 17, lanes 1-4); and to the native cellular GAPDH mRNA (visible in Figs. 16 and 
17, all lanes). 

In Fig. 17, RNA was run on denaturing formaldehyde gel (Sambrook et al., 1989) 
and probed for ccr3 and GAPDH (panel A) or Gia2 and GAPDH (panel B). Probes for ccr3, 
Gia2 and GAPDH were approximately 500 bp in length (derived only from coding sequences) 
and were biotinylated using the BrightStar kit from Ambion, Inc., Austin, TX. Equimolar 
concentrations of probe for the highly expressed housekeeping gene, GAPDH, was concomitantly 
added to the hybridization mix for normalization purposes. (Each probe was used at a 
concentration of approximately 0. 1 nM.) Blot was hybridized overnight at 42°C in 5x SSC, 50% 
formamide, 2x Denhardts, 0 2% SDS. Blot was then washed for 2x 15 min. in 0.2x SSC, 0.2% 
SDS at 50 °C. Blot was developed as per protocol provided by Ambion and exposed to film for 
approximately 1 hour. 

The arrows are labeled as appropriate and point to the two recombinant ccr3 
mRNA species (Panel A); to the recombinant Gia2 mRNA (panel B); and to the native cellular 
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GAPDH mRNA (Panels A and B). The nature of the differences between the two forms of ccr3 
mRNA is unknown but may be due to incomplete splicing of the SV40 IVS, or to different sites 
of poly(A) addition. 

This experiment shows that transcription from a second episome (E3purGcri2) 
does not significantly affect transcription from an already resident episome (pE3orll, Fig. 16; 
pm3ccr3sp, Fig. 17) since steady-state mRNA levels are only weakly, if at all, perturbed (compare 
Fig. 16, lanes 6 with 8, and 7 with 9; or Fig. 17, lanes 1 with 3, and 2 with 4). Furthermore, these 
experiments show that this observation could be replicated using at least two different types of 
receptors. 

Construction of pm3orll 

The 1 1 10 bp coding sequence for human orphanin receptor type I (orll) was PCR 
amplified from whole human brain Quickclone cDNA (Clontech) using the following oligos: 
Orl 1. CCCTCTAGACCATGGAGCCCCTCTTCCCCGCGCCG 
Orl 2. CCCTCTAGACCAGGCACCATGGGCAGGTCCACGCC 

The ATG start codon is underlined in orl 1, and the underlined C in orl 2 is *G* of 
TAG stop codon when looking at reverse complement. Each oligo contains an Ncol site. 

The PCR product was digested with Ncol and cloned into the Ncol site of 
Litmus 28 (New England BioLabs, Beverly, MA). The fragment containing the orll coding 
sequence was then reclaimed from Litmus 28 with Agel (5' side) and Xhol (3' side) and the 
resulting 1200 bp fragment was cloned into the Agel and Xhol sites of vector pE3 (Fig. 1 1) to 
makepm3orll. 



36 



WO 99/47647 



PCT/US99/03307 



TABLE n 



SAMPLE 


ORL1/GAPDH ratio 


orll+Gi early 


0.68 


orll+Gilate 


0.81 


orll+pEpur early 


0.85 


orll+pEpur late 


1.06 








Gia2/GAPDH ratio 


orll+Gi early 


1.60 


orll+Gi late 


126 



As shown in Table II, the ratio of orll to GAPDH RNA tended to increase as the cells 
aged: from 0.68 (early) to 0.81 (late) for 293noiHP cells and from 0.85 (early) to 1.06 (late) for 
293 no cells. Conversely, the ratio of Gi to GAPDH RNA decreased from 1 .60 to 1.26 in the 3 
month interval between the early and late RNA harvests. This may indicate an overall balancing 
trend in this particular example over time in which RNA concentrations from both expression 
cassettes tend toward a 1 : 1 steady-state ratio with each other. 

Western blot analysis of Gai2 expression 

It is well-known that the steady-state concentration of mRNA in a cell does not 
necessarily correlate with the steady-state level of protein present in the same cell. Therefore, the 
presence of a greatly increased concentration of Gcd2 mRNA does not necessarily indicate a 
similar rise in intracellular Gai2 protein concentration. The presence of Gai2 was therefore 
measured using western blot analysis. An antibody directed against Gcu2 was used to probe a 
blot containing extracts from 293no, 29onoiHP, 293c3, and 293c3iHP cells. Results from the 
western blot analysis (Fig. 18) indicated that a small amount of Gi was endogenously expressed 
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in 293E cells (lanes 1, 3 and 5). Transfection of pE3purGia2 was able to augment Gi 
concentrations by 2.2- to 3.4-fold in the stable cell lines (lanes 2, 4, 6 and 7). The 
autochemiluminograph was scanned as described for the northern blot above. In this Figure, the 
band marked "A" marks the position of Gai2 protein, and the band "B" marks a constitutive, non- 
specific, cross-reactive protein. 



Genomic Southern analysis 

DNA was isolated from 293c3 and 293c3iHP cells at 5 weeks followmg the final 
transfection. DNA was digested overnight with Xbal, run on a 0.8% agarose gel, and the blot 
was transferred in 0.4 M NaOH to a positively charged nylon membrane (Boehringer Mannheim). 
Probes used in this experiment were a 428 bp fragment from the CCR3SP coding region 
(representing amino acids 85 through 227), and a 330 bp fragment from the Gai2 coding region 
(representing amino acids 1 through 1 10). Blots were incubated with 20 ng/mL of probe at 42°C 
in hybridization buffer (Dig EasyHyb Buffer, Boehringer Mannheim) as described in Horlick et 
al„ (Prot. Exp. And Purific. 9:301-308, 1997) overnight, washed 2x in 0.2x SSC, 0. 1% SDS at 
55 °C and developed using Boehringer Mannheim's Genius kit according to the supplied 
protocol. The genomic copies of CCR3 are visible at 10.5 kb and 5.8 kb (Fig. 19) while the 
episomal copies of CCR3 (plasmid P E3spCCR3) are visible as expected at 9 kb. For purposes of 
this experiment, the episomal band at 9 kb was compared to the genomic band at 10.5 kb. (CCR3 
is not known to be present in the genome at multiple loci, therefore the weakly hybridizing 
genomic band migrating at 5. 8 kb may represent a ccr3 pseudogene or other gene containing 
some homology with ccr3 .) The value obtained for background intensity (region of the film not 
containing any bands) was subtracted from both episomal and genomic band values. Results 
indicated that the intensity of the episomal band was approximately 5-fold greater than that for the 
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genomic band. Since it is known that HEK293 cells are hypotriploid with a modal chromosome 
number of 64 (Graham et al. 5. J Gen Virol. 36: 59-74, 1977; Hay et al. in ATCC: Catalogue of 
Cell Lines and Hybridomas, 7th ed., American Type Culture Collection, Rockville, MD, p. 148, 
1992), multiplying the relative intensity values by 3 provides the copy number per cell (Horlick et 
al., 1997). Thus, there were 14-15 copies of CCR3 per cell. In Figure 20, the genomic copy of 
Gai2 migrated at 13-14 kb, while the episomal band migrated at 5.8 kb. The band migrating in 
the CCR3+Gi lane at 8.8 kb (band A) may represent a small amount of Xbal partially cut, 
linearized episome. The intensity of the episomal Gi band at 5.8 kb was ~2. 4-fold as intense as 
the genomic copy, indicating the presence of approximately 7-8 copies of the Gi episome per cell 
(Fig. 20). 

Conclusions. 

The results presented here demonstrated that eukaryotic cell lines transfected 
according to the present invention stably harbor two episomes for long periods of time. In the 
examples above, addition of a second episome did not interfere with expression from either 
episome, as gauged by the following observations: 

1 . There was no change in receptor Bmax or KD whether the cells contain 1 or 2 
episomes (CCR3 ± Gai2 results) 

2. Once expression had stabilized at week 2, there was no further change in 
agonist induced calcium mobilization signal, even after 20 weeks in culture. This was true for 
both single and doubly transfected cells (i.e., the CCR3 ± Gou2; and orll± Gcd2 results). 

3. Addition of 2.3 to 3.4-fold more Gai2 (western blot results, Fig. 18) augmented 
the calcium signal by 2.25-fold and 4-fold for orll and ccr3, respectively (Fig. 18). 
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4. Levels of expression of recombinant RNA from each episomal CMV promoter 
was of approximately the same magnitude as for the highly abundant house-keeping gene 
GAPDH, regardless of whether a second episome was present. Since GAPDH in one of the most 
abundant RNA species in the cell and represents approximately 0.8 to 3.6% of poly(A + ) 
transcribed (Piechaczyk et al., Nucleic Acids Res. 12: 6951-6963, 1984; Horlick et al., 1997, 
supra), the amount of recombinant RNA transcribed for each episome was extremely high 

(Fig. 17). 

5. There were approximately 14-15 copies of the CCR3 encoding episome per cell 
and approximately 7-8 copies of the Gi encoding episome per cell. Therefore, the presence of 
both episomes could be detected by genomic southern blotting in copy numbers consistent with 
the amounts detected for transfection of single episomes by Horlick et al., 1997, supra, Sugden et 
al., Mol Cell Biol. 5: 410-413, 1985; Yates et al., Proc. Nat. Acad. Sci. USA 81: 3806-3810, 



Example 3: Triple episomal lines. 

In addition to cell lines stably harboring two episomes, transfection and 
maintenance of higher numbers of episomes in 293E cells has also proven successful. For the 
experiments described below, an episome containing the coding sequence of a receptor (orll) and 
the hygromycin resistance marker, an episome containing the coding sequence of Gai2 and the 
puromycin resistance marker, and an episome containing the coding sequence of a luciferase (luc) 
and the zeocin resistance marker were transfered into 293E cells. Transcription of the luc coding 
sequence was placed under the control of cyclic AMP (cAMP) response elements (ere). 

The design of the experiment was as follows. 
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1 Addition of forskolin to the cell line stimulates adenylyl cyclase activity resulting in an 
increase in intracellular cAMP concentration. The rise in cAMP concentration causes increased 
transcription of a luc reporter gene via adjacent ere elements, and ultimately, an increase in luc 
protein concentration and activity. 

2. Addition of a Gai2-coupled hormone receptor agonist to the cell line inhibits forskolin 
induced adenylyl cyclase activity, thus inhibiting transcription of the luc gene (and therefore, luc 
protein activity) to low levels. 

3 Addition of a Gai2-coupled hormone receptor antagonist to (2) above reverses the 
agonist-induced inhibition (termed "disinhibition") of adenylyl cyclase leading to an increase in luc 
activity greater than in the presence of forskolin + agonist, but not necessarily as great as in the 
presence of forskolin alone. 

With the three episomes, stable cell lines were generated that 

1 . express high levels of cell surface receptors; 

2. respond to transient changes in intracellular cAMP concentrations by 
modulating transcription of a reporter gene (luc); and 

3 significantly increase the magnitude of the response described in (2) above 
due to the presence of an increased concentration of the G protein subunit, God2. 

Luciferase assays 

In the first experiment, 293E cells were transfected with (orll and 6xcretkluc) ± 
Gai2 to generate cell lines 293nolucHZ and 293noilucHPZ. (H=hygromycin resistant, 
P=puromycin resistant, Z=zeocin resistant.) In the second experiment, 293E cells were 
transfected with (spccr2 and luc) ± Gai2 to generate cell lines 293r21ucHZ and 293r2ilucHPZ. 
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Luciferase protocol 

The experiment shown in Fig. 21 was obtained using 293nolucHZ, 293noilucHPZ, 
293r21ucHZ and 293r2ilucHPZ cells after 4 months in culture (i.e., 4 months after transfection of 
the final episome). Cells were plated in 96-well format, 15,000 cells per well, in a 1 : 1 mixture of 
DMEM/F12 supplemented with 10% fetal calf serum, and appropriate selective antibiotics. After 
18-24 hrs in culture, growth media was removed and 100 uL induction media was added. 
Induction media consists of Ultraculture (Biowhitakker, Walkersville, MD) ± 1.0 or 0. 1 uM 
forskolin (fsk) and ± 100 nM nociceptin (noc) or 100 nM mcp-1, as shown in Fig. 21. Cells were 
incubated in induction media for 6 hrs., and media was then replaced with 50 fiL of 1/1 mix of 
LucLite (Packard Instrument Co., Meriden, CT) and Hanks buffered saline solution, added 
directly to cells. Luminescence was detected using a Wallac Victor Luminometer. 

Results in Fig. 21 show that addition of fsk caused an increase in luc activity 
(luminescence, in relative light units). In cell lines not co-transfected with Gi, the addition of 
ligand was able to suppress fsk induced luc activity by 25-30%. In cell lines co-transfected with 
Gi, the magnitude of ligand mediated suppression was increased to 50% and >80% for mcp-1 and 
noc, respectively. Furthermore, the presence of added Gi increased the overall fsk-induced signal 
by 4.6-fold and 5.7-fold (mcp-1 and noc stimulated cell lines, respectively). This experiment 
demonstrated the advantages of co-transfection of the third, G protein-containing episome into 
cell lines expressing both receptor and reporter genes. 

Northern blot analysis 

Total RNA was isolated from 293E cells (parental, untransfected cell line), and 
from 293no ("orll,-,-"), 293noiHP ("orll, Gi,-"), 293nolucHZ ("orll,-, luc"), and 293noilucHPZ 
("orll, Gi, luc") cells 5-6 weeks following final transfection. 5 fig of RNA from each sample was 
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run on a denaturing formaldehyde gel (Sambrook et a!., 1989). The results shown in Fig. 22 
indicate that the steady-state level of orl RNA was approximately 80% of the level of GAPDH 
(panel A), Gi RNA was present at 2- to 3-times the concentration of GAPDH (panel B), and luc 
(at uninduced levels) was present at an approximately equimolar ratio to that of GAPDH. 

These experiments showed that levels of steady-state RNA derived from each of the three 
episomes was approximately of the same magnitude as transcription of GAPDH, one of the most 
highly expressed genes of the cell (Piechaczyk et al., supra; Horlick et al., 1997, supra). 

Genomic Southern blots 

DNA was isolated from 293E cells (parental, untransfected cell line), and from 
293no ("orll,-,-" in Fig. 23), 293noiHP ("orll, Gi,-"), 293nolucHZ ("orll,-, luc"), and 
293noilucHPZ ("orll, Gi, luc") cells 5-6 weeks following final transfection. DNA was digested 
with Hindlll, run on 0.8% agarose gel, processed, blotted, hybridized and probed as described 
above for "Results - Genomic southern analysis" in the "Results for dual expression system" 
section. Two probes were used concomitantly in this blot. The first consisted of a 498 bp 
fragment derived from the orll coding region, representing amino acids 134 to 301. This probe is 
specific for the genomic and episomal copies of orll and allows a direct comparison of relative 
intensity (and thus, cellular copy number) between the two The second was a "universal probe" 
consisting of a 438 bp fragment derived from the amp gene that is common to all three of the 
episomes found within the orll -expressing 293E cell lines and allows a direct comparison of copy 
number per cell among the three episomes. 

Genomic Southern blot results appear in Fig. 23. The designation 'g' or 'e' 
following orl indicates "genomic copy" or "episomal copy," respectively. Exposures of the blot 
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on x-ray film (autochemilumiograph) for varying lengths of time were made for scanning 
purposes. 



Number of pm3orIl episomes per cell. 

To determine the episome copy number for pm3orll, the orll episomal band "g" 
was compared to the genomic band "c". Band c was chosen because its presence was not 
obscured as for band f. Band "e" is significantly fainter than band c and may represent a 
pseudogene or other related G protein coupled receptor gene. Since HEK293 cells are 
hypotriploid with a modal chromosome number of 64 (Graham et al., 1977; Hay et al., 1992), 
band "c" therefore most likely represents 3 copies. The intensity at "g" in each lane varies from 
0.7 to 0.95 times the intensity measured for "c," leading to the calculation of 2 to 3 orl episome 
copies per cell. 

Number of p£3purGia2 episomes per cell. 

The episomal band derived from vector pE3purGia2 nearly co-migrates with one 
of the orll genomic bands (band "f '). Bands b and fare both visualized due to hybridization with 
the same "universal probe" described above. Therefore, to determine the episomal copy number 
for pE3purGia2, the average band intensity value derived from band fin the three non-Gi 
containing lanes was subtracted from the band f intensity obtained in lane (orll,Gi,-) and lane 
(orll,Gi,luc). This value was directly compared to the band intensity value derived from the orll 
episomal band b and led to the conclusion that there are 7-10 copies of pE3purGio2 per cell in the 
293noiHP cell line, and 6-9 copies per cell in the 293noilucHPZ cell line. 
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Number of p£3zeocretkIuc episomes per cell. 

The main luc episomal band is represented by band "a." The nature of the slightly 
smaller, minor band "b" is unknown but may represent the migration on agarose of a small 
amount of single stranded plasmid, or a small population of rearranged vector. To calculate the 
number of pE3zeocretkluc per cell, the intensity of band "a" on a light autochemilumiograph 
exposure was compared to the intensities of the Gi component of band f. Results indicated that 
there were at least 20 copies of pE3zeocretkluc per cell in both the 293nolucHZ and 
293noilucHPZ cell lines. 

Example 4: Amplification of Gene Copy Number 

It was demonstrated that the present invention can be employed to amplify genes 
in eukaryotic cells. The experiments described below determined the effects of adding 
supplementary episomal constructs where already resident vectors contained the same 
recombinant gene. 

The coding region for the CC chemokine receptor, CCR3, was cloned into 
multiple episomes containing antibiotic resistance markers hygromycin (pE3hyg), blasticidin 
(pE3bla), and zeocin (pE3zeo). The general structure for these plasmids is schematically depicted 
in Figure 24. The coding sequence for Gia2 was cloned into an episome carrying the puromycin 
(pE3Gipur) resistance marker. The combinations of episomes shown in Table III below were 
transfected into 293E cells in order to generate cell lines harboring varying numbers of copies of 
CCR3 cDNA. The cells generated included those transfected with episomes encoding CCR3 both 
with and without accompanying transfection of the episome encoding Gia2. Using [ 125 I]-eotaxin, 
B,^ and K D values for each of the cell lines were determined. Values shown are for an average of 
two experiments that were conducted. 
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Tne B m» results shown in Table in for cell lines 1 and 2 demonstrated that 
addition of a second CCR3-encoding episome (CCR3bla) doubled the number of receptors found 
at the cell surface. B max results obtained for cell lines 1 and 3 demonstrated that addition of a third 
CCR3-encoding episome (CCR3zeo) approximately tripled the number of receptors seen at the 
cell surface. The B max results obtained for cell lines 2 and 5 indicated that the additional presence 
of an episome encoding Gia2 (Gipur) did not affect the number of receptors seen at the cell 
surface. 



Table III: B max and K D values obtained for cell lines carrying multiple episomes 



Cell line 


CCR3hyg 


CCR3bla 


CCR3zeo 


Gipur 


Total no. 


K D 


B max 


1 


Y« 


No 


No 


No 


1 


1 S 


11000. 


2 


Yes 


Yes 


No 


No 


2 


2.4 


23100 


3 


Yes 


Yes 


Yes 


No 


3 


0,9 


34700 


4 


Yes 


No 


No 


Yes 


2 


0.8 


15700 




Yes 


Yes 


Nn 




i 


0 8 





The effect of the doubling or tripling of the number of CCR3 receptors on eotaxin 
mediated calcium mobilization was also determined. Results of these experiments are shown in 
Figure 25. The addition of 100 nM eotaxin was found to cause a 25 nM transient increase in free 
calcium concentration in the cell line containing a single CCR3 expressing episome ("CCR3"). 
The free calcium concentrations increased to 50 nM and 170 nM for cell lines containing two 
("GEMINI") and three ("TRIPLE") episomes expressing CCR3. These results indicated that the 
additional receptors expressed in the doubly- and triply- transfected cell lines functionally coupled 
to endogenous G proteins, thereby causing an amplified signal. 

The increase in CCR3 receptor number was also reflected in an increase in the 
concentration of steady-state RNA, as shown in Figure 26. Specifically, the cell line containing a 
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single episome encoding the CCR3 receptor expressed approximately 40% of the amount of 
mRNA expressed for the (highly-expressed) endogenous housekeeping gene, GAPDH. However, 
when a second episome encoding the CCR3 receptor was added, the mRNA concentration 
increased to about 60% of that for GADPH. With a third episome expressing CCR3, the cell line 
expressed approximately 90% CCR3 mRNA of the amount of GADPH mRNA. 

To demonstrate that such amplification was not unique to the CCR3 chemokine, 
similar experiments were performed using the CC chemokine receptor, CCR2 The coding region 
for CCR2 was subcloned into vectors pE3hyg, pE3bla, and pE3zeo and 293E cells were 
transfected with the episomal combinations shown in Table IV below. The B,,^ and K D of 
binding of [ I25 I]-MCP-1 to CCR2 at each cell line were determined. The results shown in Table 
IV demonstrated that the cell line containing a single episomal species expressed about 14,000 
receptors per cell, and that the number of expressed receptors was approximately doubled by the 
addition of a second CCR2-expressing episome. Results shown are averages from three 
experiments. 



Table IV. Bmax and KD of cell lines carrying multiple episomes encoding CCR2 



Cell line 


CCR2hyg 


CCR2pur 


Total no. of 
episomes 


K D 




1 


Yes 


No 


1 


2.7 ± 1.4 


9200 ±3100 


2 


Yes 


Yes 


2 


1.8 ±0.7 


22400 ± 
7700 



The effect of doubling cell surface CCR2 receptor density on MCP-1 -mediated 
mobilization of calcium was also determined. Results of these experiments are shown in Figure 
27. Addition of 100 nM MCP-1 was found to cause 120 nM and 225 nM transient increases in 
free calcium concentration in the cell lines containing one or two CCR2-expressing episomal 
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species, respectively. This indicates that the supplemental receptor expressed in the doubly 
transfected cell line functionally coupled to endogenous G proteins. 

The steady-state concentration of CCR2 RNA in the two cell lines at two different 
time points was also measured in order to determine the long-term stability of the two episomal 
species. The results for this experiment, shown in Figure 28, indicated that there was 
approximately 50% as much CCR2 mRNA as GAPDH mRNA at both 1.5 and 2.5 months in 
continuous culture. When a second episome was added, the steady-state CCR2 mRNA level 
increased to 120 and 150% of the GAPDH concentration in the double episomal cell line after 1.5 
and 2.5 months in culture, respectively. 

Experiments to demonstrate use of the invention for gene amplification were also 
conducted with respect to the orphanin receptor ORL1. The coding sequence for ORL1 was 
subcloned into pE3hyg, pE3pur, and pE3bla. Binding characteristics of the native ligand of 
ORL1, [ 125 I]-nociceptin (Table V) and steady state RNA concentrations (Fig. 28) were analyzed 
for the resulting cell lines at 1.5 and 2.5 months after transfection. 



Table V: and K D of cell lines carrying multiple episomes encoding ORL1 



Cell Line 


pE3hyg 


pE3pur 


pE3bla 


Total No. 
of 

episomes 




B max 


1 


Yes 


No 


No 


1 


64 ±7 


8900 ± 
1300 


2 


Yes 


Yes 


No 


2 


264 ±38 


17800 ± 
5500 


3 


Yes 


Yes 


Yes 


3 


105 ±25 


17800 ± 
5500 



These binding data showed that, as for the two CC chemokine receptors discussed above, 
addition of a second episome approximately doubled the number of detectable receptors. Unlike 
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the data obtained for the chemokine receptors, addition of a third episomal species did not 
substantially alter receptor density. The addition of second and third episomes, however, 
increased the steady-state level of mRNA from 60% of the level of GAPDH mRNA (for one 
episome) to 80% (two episomes) and 100% (three episomes) of the GAPDH level. 

These data demonstrated that use of multiple episomes, each containing the same 
receptor encoding cDNA sequence, was effective to rapidly amplify gene copy number. 
Transfection of multiple episomal species also resulted in proportional increases in the number of 
receptors, in the magnitude of measurable transduced signal, and in the concentration of steady- 
state mRNA encoding the receptor. 
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CLAIMS : 

1 A method for producing recombinant eukaryotic cells expressing two or more proteins 
from two or more transfected episomes which comprises: 

(i) transfecting eukaryotic host cells with (a) a first episome comprising a sequence 
that promotes autonomous replication of the episomes in said cells and a first gene 
encoding a protein or RNA of interest; and (b) a second episome comprising a sequence 
that promotes autonomous replication of the episomes in said cells and a second gene 
encoding a protein or RNA of interest, to produce transfected cells wherein said 
transfected cells express one or more proteins that promote nuclear retention of the 
episomes; and 

(ii) growing said transfected cells under conditions wherein said episomes express 
said first and second genes. 

2. A method for producing recombinant eukaryotic cells expressing two or more proteins 
from two or more transfected episomes which comprises: 

(i) transfecting eukaryotic host cells with (a) a first episome comprising an EBV 
origin of replication and a first gene encoding a protein of interest; and (b) a second 
episome comprising an EBV origin of replication and a second gene encoding a protein of 
interest, to produce transfected cells wherein said transfected cells express an EBNA 1 
protein; and 

(ii) growing said transfected cells under conditions wherein said episomes express 
said first and second genes. 
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The method of claim 2 wherein said host cells constitutively expresses said EBNA 1 
protein. 



The method of claim 2 wherein said eukaryotic cells express EBNA 1 from a transfected 
episome. 

The method of claim 2 wherein said first episome expresses said EBNA 1 protein in said 
transfected cells. 

The method of claim 2 wherein said first and second genes encode the same protein. 

The method of claim 2 wherein said first and second genes encode the same protein and 
said transfection results in amplification in the copy number of said genes over that 
achieved by transfection of one episome containing said gene. 

The method of claim 2 further comprising transfecting said cells with a third episome 
comprising an EBV origin of replication and a third gene encoding a protein of interest, 
wherein said first, second, and third gene are the same, and wherein said transfection 
results in amplification in the copy number of said genes over that achieved by transfection 
of one episome containing said gene 

The method of claim 2 wherein said first and second genes encode different proteins. 
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10. The method of claim 2 wherein said first and second genes encode proteins selected from 
the group consisting of receptor proteins, transporter proteins, adhesion molecules, 
transcription factors and ion-channel proteins. 

11. The method of claim 10 wherein said first gene encodes a receptor and said second gene 
encodes a signal transduction effector. 

12. The method of claim 2 wherein said first and second genes are driven by strong 
promoters. 

13. The method of claim 2 wherein said first and second episomes further comprise 
prokaryotic origins of replication. 

14. The method of claim 2 wherein said first and second episome further comprise genes 
encoding prokaryotic selectable genetic markers. 

15. The method of claim 14 wherein said prokaryotic markers are antibiotic resistance 
markers selected from the group consisting of ampicillin, tetracycline, chloramphenicol 
and kanamycin resistance markers. 

16. The method of claim 2 wherein at least one of said episomes comprises a selectable 
marker for said host eukaryotic cells. 
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The method of claim 2 wherein said first and second episomes comprise selectable 
markers for said host eukaryotic cells. 



The method of claim 17 wherein said selectable markers are different. 

The method of claim 18 wherein said selectable markers for eukaryotic cells are selected 
from the group consisting of hygromycin, puromycin, gpt, neomycin, zeocin, ouabain, and 
blasticidin markers. 

The method of claim 2 wherein said EBNA 1 protein comprises a truncated amino acid 
sequence of EBNA 1 effective to allow maintenance of said first and second episomes. 

The method of claim 2 further comprising transfecting said host cell with a third episome 
comprising an EBV origin of replication and a third gene encoding a protein of interest 
and incubating said transfected host cell to express said third gene from said third 
episome. 

A method for producing a recombinant eukaryotic cell line expressing proteins of interest, 
which comprises: 

(i) transfecting a eukaryotic host cell line expressing an EBNA 1 protein with (a) a 
first episome which comprises an EBV origin of replication, a first selectable marker for 
said eukaryotic cell line, a procaryotic origin of replication, a first procaryotic selectable 
marker, and a first gene encoding a protein, said first gene being driven by a strong 
promoter; and (b) a second episome comprising an EBV origin of replication, a second 
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selectable marker for said eukaryotic cell line, a procaryotic origin of replication, a second 
procaryotic selectable marker, and a second gene encoding a protein of interest, to 
produce stably transfected cells; and 

(ii) incubating said transfected cells in medium wherein cells expressing said first 
and second selectable markers for said eukaryotic cell line survive for a time sufficient to 
allow cell propagation. 

The method of claim 22 wherein said first and second selectable markers for said 
eukaryotic host cell line are different from each other. 

A method for producing a recombinant eukaryotic cell line expressing a protein of interest, 
which comprises: 

(i) transfecting a eukaryotic host cell line with (a) a first episome which comprises 
an EBV origin of replication, a procaryotic origin of replication, a gene encoding a 
procaryotic selectable marker, and a gene encoding an EBNA 1 protein; and (b) a second 
episome comprising an EBV origin of replication, a gene encoding a procaryotic 
selectable marker, a procaryotic origin of replication, a gene encoding a protein of 
interest, and gene encoding a selectable marker for said host cell line, to produce 
transfected cells; and 

(ii) incubating said transfected cells in medium wherein only cells which express 
both said EBNA 1 protein and said selectable marker survive, for a time sufficient to allow 
cell propagation. 
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The method of claim 24 wherein said gene encoding an EBNA 1 protein and said gene 
encoding a protein of interest are driven by strong promoters. 



26. The method of claim 24 wherein said procaryotic selectable markers are antibiotic 
resistance markers selected from the group consisting of ampicillin, chloramphenicol, 
tetracycline and kanamycin resistance markers. 

27. The method of claim 24 wherein said first episome further comprises a selectable marker 
for said host eukaryotic cell line. 

28. The method of claim 24 wherein said selectable genetic marker for eukaryotic cells is 
selected from the group consisting of hygromycin, neomycin, zeocin, gpt, ouabain, and 
blasticidin markers. 

29. The method of claim 24 wherein said EBNA 1 protein is a truncated sequence of full- 
length EBNA 1 that is effective to allow maintenance of said second episome. 

30. A method for producing a recombinant cell line expressing a plurality of proteins of 
interest comprising the steps of 

i) transfecting a first cell line with 

(a) a first episome which comprises an EBV origin of replication, a 

selectable genetic marker and a gene encoding an EBNA 1 protein; 
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(b) a second episome comprising an EBV origin of replication, a gene 
encoding a first protein of interest and a first selectable marker for 
eukaryotic cells; and 

(c) a third episome comprising an EBV origin of replication, a second 
protein of interest and a second selectable genetic marker for 
eukaryotic cells, thereby producing a transfected cell line, 

ii) incubating the transfected cells in media wherein only cells expressing said 
EBNA 1 and said first and second selectable markers grow and propagate, 
and 

iii) recovering transfected cells. 



A recombinant eukaryotic cell stably transfected with first and second episomes, said first 
episome comprising an EBV origin of replication and a gene encoding a first protein; and 
said second episome comprising an EBV origin of replication, and a gene encoding a 
second protein, said recombinant eukaryotic cell expressing an EBNA 1 protein. 
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